which has increasingly become resistant to most commonly used antimicrobials. This research investigated the epidemiology, nasal carriage prevalence and the antibiotic susceptibility profile of MRSA among farm animals and farm workers in the Central Region of Ghana. A total of 396 nasal swabs were collected from farm animals (94.9%) and farm workers (5.1%). Antibiotic susceptibility test was carried out on Mueller Hinton agar using Kirby-Bauer disc diffusion method. Epidemiological risk factors were assessed using pre-designed questionnaires. Results showed that the overall prevalence of MRSA in the Central Region of Ghana was 49.2% (195/396). Pigs recorded the highest nasal carriage prevalence of 50.2% (157/313) followed by sheep 45.1% (23/51), goats 50% (6/12) and humans 45% (9/20). MRSA isolates were 100% susceptible to both Vancomycin and Augmentin. Epidemiological risks factors for nasal colonisation of farm workers in this study were: direct contact with pigs (p=0.000), last period of antibiotic administration (p=0.020), and the type of apparels worn (nose mask (p=0.000), and gloves (p=0.020)). Epidemiological risk factors for nasal colonisation of farm animals in this study were: the type of antibiotic administered (p=0.000) and the last period for antibiotic administration (p=0.000). Phenotypic detection of MRSA and their resistance to the tested antibiotics should be a cause of alarm in the Central Region of Ghana.
INTRODUCTION
Methicillin-resistant Staphylococcus aureus (MRSA) is of a major concern in clinical medicine due to the importance of β-lactams in the therapy of staphylococcal infections. In addition, morbidity and mortality for MRSA *Corresponding author. E-mail: annanprah@yahoo.com. Tel: +233 24371 6979, +233 20 815 9333.
Author(s) agree that this article remain permanently open access under the terms of the Creative Commons Attribution License 4.0 International License patients compared to patients infected with methicillinsusceptible S. aureus (MSSA) is on the rise (De Kraker et al., 2011) . In Ghana, the children's block of the Korle-Bu Teaching Hospital (KBTH), was closed down in January, 2012 as a result of an MRSA outbreak in the ward (GNA, 2012) . The epidemiology of this bacterium in animals has also gained global attention in recent years due to the spread of multidrug resistance and their increasingly evidenced zoonotic potential. In a study by Haenni et al. (2011) in France, MRSA isolates had identical characteristics to the human Geraldine clone (ST5, spatype t002, and the same virulence genes, resistance pattern, and SCCmec cassette type I). These livestockassociated (LA)-MRSA are considered to be zoonotic and people with occupational contact with livestock, for example, farmers, veterinarians, and workers at abattoirs, are frequently exposed and colonised (Cuny et al., 2013) . In 2007, a report on transmission of MRSA between dairy cows and milking personnel alerted people working with dairy cattle of the occupational health risks (Juhász-Kaszanyitzky et al., 2007) .
Due to the interspecies transmission of MRSA and the health risks of MRSA colonisation, there is the need to research into the roles animals play in human MRSA infections. In Ghana, very little is known about the nasal carriage prevalence of MRSA among humans (Egyir et al., 2015 , Odonkor et al., 2012 . In addition, there are no published data on MRSA carriage in farm animals and farm workers. Hence, this study was designed to determine the epidemiology and antimicrobial susceptibility patterns of MRSA in apparently healthy farm animals and farm workers in the Central Region of Ghana.
MATERIALS AND METHODS

Study location
The study was conducted in 9 of the 15 administrative districts in the Central Region of Ghana. These were Komenda Edina Eguafo Abrem (KEEA), Cape Coast, Twifo Heman Lower Denkyira (THLD), Abura Asebu Kwamankese (AAK), Assin, Gomoa, Effutu, Mfantseman and Agona. These regions were selected to represent the North, South, East and Western zones of the region. The Central Region is located in the South-Western centre of Ghana. It is on latitude of 5° 29' 59.99 N and a longitude of -1 00' 0.00''. The Central Region shares boundaries with the Ashanti Region to the north, Greater Accra Region to the south-east and to the west by Western Region. It is bound to the south by the Gulf of Guinea. It has an annual temperature range of 24 and 34°C, annual rainfall pattern averaging 800 to 1500 mm and a relative humidity of between 50 and 85%. The region has six months each of rainy and dry seasons. The population of the Central Region has been projected to be 2, 521,118 in 2018 (Ghana Statistical Service, 2013 .
Sampling technique
A list of almost all farms in the districts of the region was obtained from the Ministry of Food and Agriculture. Out of this list, simple Effah et al. 995 random sampling technique was used to select the farms for this study. The districts were selected based on convenience, that is, based on the proximity of the districts to the researcher. A total of 18 livestock farms (two from each district) that reared pigs, sheep and goats were randomly selected across all the nine districts of the study area. Because most of the farmers reared pigs with goats and sheep as a supplement, pigs were allotted 80% of the total sample size. In calculating the minimum sample size for this study, the formula described by Daniel (1999) was used.
Where, n = sample size, Z = z statistic for a level of confidence, P = expected prevalence or proportion (in proportion of one; if 20%, P = 0.2), and d = precision (in proportion of one, if 5%, d = 0.05).
For the level of confidence of 95%, which is conventional, Z value is 1.96. Also, since there was no know prevalence in the study area, the P value was perceived to be 50% (Daniel, 1999) .
A total of 396 nasal samples were obtained from pigs, sheep, goats and farm workers in the study area.
Questionnaire survey and epidemiological data
A structured questionnaire, interviews and observations were used to elicit data on potential risk factors for the colonisation of MRSA in farm animals and the farm workers. From the farm workers, demographic data (gender, age, educational background, occupation), farm-and animal-related variables (exposure to pigs, handling antimicrobial drugs to animals, use of hygiene/protective measures, and occupational activities), life style determinants (eating preferences, exposure to raw meat, smoking, contact with pets), and medical history (exposure to health care facilities, antibiotic usage) were collected for each farmer at each sampling moment. For the animals, data such as age, sex, type of antibiotics used on them and the frequency of antibiotic use were collected.
Sample collection
From each farm, 22 nasal samples were collected from apparently healthy pigs, goats, sheep and workers. From each farm, at least one sample was taken from the farm workers. One nasal swab per individual was taken from the anterior nares of farmers and livestock using sterile swabs in liquid transport medium (ESwab, Copan, Brescia, Italy) . Samples were stored at 4°C and transported to the laboratory.
Ethics approval and consent to participate
Ethical approval was acquired from the Institutional Review Board of the University of Cape Coast, Ghana. The nasal samples from the animals were collected with the help of veterinarian.
Isolation of MRSA
The swabs were streaked onto selective MRSA agar plates (ORSAB, OXOID, UK). These plates were incubated for 24 to 48 h at 37°C and examined for the blue, raised MRSA colonies.
Anti-microbial susceptibility testing
The MRSA isolates were subjected to antibiotic susceptibility test using disc diffusion method by Kirby-Bauer (1966) . The following antibiotics were used: penicillin (15 μg), ampicillin (10 μg), tetracycline (30 μg), Cotrimoxazole (25 μg), Erythromycin (5 μg), Gentamicin (10 μg), Vancomycin (30 μg), Cloxacillin (5 μg), Cefuroxime (10 μg), Augmentin (30 μg), Meropenem (10 μg), and Ciprofloxacin (5 μg). Approximately, between 2 and 5 isolated colonies from a pure culture were emulsified in sterile nutrient broth and the turbidity of the inoculum was compared with 0.5 McFarland Standard. Mueller-Hinton Agar (Lab M Limited, Lancashire, UK) plates were prepared and a loopful of the inoculum was seeded on the surface of the media. Subsequently, a sterile cotton swab was used to spread the organism evenly on the Mueller-Hinton agar. The antibiotic discs were placed on the agar plates using sterilised forceps. The plates were read after 24 h of incubation at 37°C under aerobic condition. S. aureus ATCC 25923 was used as a quality control strain. The sensitivity of the isolates to various antibiotics were classified in accordance with the guidelines of the National Committee for Clinical Laboratory Standards (CLSI, 2016) as susceptible, intermediate or resistance for each antibiotic tested by measuring the zone of inhibition around the antibiotic disc.
RESULTS
Nasal carriage prevalence of MRSA in livestock and farmers
A total of 396 samples were collected from farm animals and farm workers. This comprised 313, 51, 12 and 20 nasal swabs from live pigs, sheep, goats and related farm workers, respectively from the 9 districts. In summary, 50.2% (157/313), 45.1% (23/51), 50% (6/12) and 45% (9/20) MRSA were isolated from pigs, sheep, goats and farm workers, respectively representing an overall prevalence of 49.2%. From Table 2 , a total of 195 MRSA were isolated of which most were isolated from livestock between the ages of 15 months and below. The overall isolation rate of MRSA was higher among female animals. Among the various districts, KEEA district recorded the highest MRSA isolates (72.7%) with Mfantseman district recording the lowest MRSA isolates (34.1%) from both animals and farm workers (Table 1) .
Epidemiological risk factors for MRSA colonisation
From Table 4 , it can be seen that, respondents for the potential risk factors were 5/20, 0/20, 3/20, 3/20 and 9/20 for age groups < 18 years, 18-24 years, 25-34 years, 35-44 years and > or = 45 years, respectively. Among these respondents, no MRSA isolates were isolated from age groups 18-24 and 35-44 years. Individuals below the age of 18 years recorded the highest MRSA isolates of 4 out of 5 respondents representing 80% followed by age group 45 and above (4/9, 44.4%) and age group 25-34 (1/3, 33.3%). MRSA nasal carriage was not significantly associated with age of the respondents (p= 0.368).
From Table 4 , all 20 respondents were male and 9 were MRSA carriers representing 45%. Although few, people with no educational background recorded the highest percentage of MRSA isolate (66.7%) but statistically, educational background was not significantly associated with MRSA colonisation (p= 0.189). It could be statistically deduced that, MRSA colonisation is not related to the purchase of pork, beef, chevon, mutton and chicken in this study (Table 4) .
Exposure to raw meat is not significantly associated with MRSA nasal colonization (p= 0.717). Statistically, smoking was not a major risk factor for MRSA colonisation in this study (p= 0.739). Having direct contact with pigs (p= 0.000) and the last period of taking antibiotic (p= 0.020) were statistically, major risk factors for MRSA nasal colonization in farm workers.
From Table 4 , it can be seen that two major factors may predispose farm animals to MRSA nasal colonisation. Statistically, it can be seen that the type of antimicrobial to treat microbial infections (p= 0.010) and the period of antibiotic administration to animals (p= 0.000) are highly associated with MRSA nasal colonisation in farm animals.
Antibiotic susceptibility pattern of MRSA isolates
A total of 195 MRSA isolates of this study were subjected to antibiotic susceptibility test against 12 antimicrobial drugs. From Table 3 , most of the MRSA isolates were sensitive to Vancomycin (100% sensitivity), Augmentin (100% sensitivity) and Ciprofloxacin (79.5% sensitivity). However, no isolate was sensitive to Penicillin or β-lactam associated antibiotics. Accordingly, the highest resistance was observed for Penicillin (100%, 195) , Cloxacillin (100%, 195), and Ampicillin (100%, 195 
DISCUSSION
This is the first known study to identify MRSA colonisation in farm animals and farm workers in Ghana. The presence of MRSA in animals and humans in the study area is of veterinary and public health concern. Nasal carriage has an important role in the epidemiology and pathogenesis of MRSA infection in humans and animals. The overall prevalence rate of MRSA in the Central Region of Ghana was 49.2%. The prevalence of colonisation both at the farm level and the individual animal level on most farms, where MRSA was present, was striking. Most of the tested animals on many farms of this study, especially pigs, were nasally colonised by MRSA, though on some farms, only a small number of animals were nasally colonized with MRSA. It is unclear whether differences in management on farms were associated with this variation. It would be interesting to re-test low prevalence farms to determine whether the prevalence of MRSA colonisation has increased, as it is possible that the low prevalence could indicate recent introduction of MRSA.
Results from the present study showed that the carriage rate of MRSA was higher than that for Asian countries such as China, which recorded carriage rate in pigs as 58/509, 11.4% (Cui et al., 2009) ; Korea 21/657, 3.2% (Lim et al., 2012) ; Malaysia 1.4% (Neela et al., 2009 ); Japan 0.9% (Baba et al., 2010) and Hong Kong 16 to 21.3% (Guardabassi et al., 2009) . Also, the prevalence of MRSA found in pigs (50.2%) in this study was different in comparison to other European studies. For example, in Belgium, an estimated 44% were carriers (Crombé et al., 2012) ; in Germany, a prevalence of 52% was reported for fattening farms (Alt et al., 2011) , and there was 56% prevalence in pig holding companies in the Netherlands (Broens et al., 2011) . Moreover, in La Rioja (Northern Spain), Gómez-Sanz et al. (2010) , described a prevalence of 21 and 49% in fattening and suckling pigs, respectively, at the slaughterhouse level. These differences can be attributed to variations in microbiological methods (sampling technique, culture and method of MRSA identification), local infection control standards, local prevalence of MRSA and husbandry methods.
This carriage prevalence in farm animals in Ghana could be attributed to the higher stocking density which was observed throughout the visit. Previous studies indicated that higher density increased the risk of MRSA colonisation (Van Duijkeren et al., 2007; Battisti et al., 2010) . S. aureus is not typically regarded as a pathogen in pigs, sheep and goat and even with a high prevalence of MRSA colonisation in these animals, clinical infections have not been widely reported in this species. However, a report by Van Duijkeren et al. (2007) , implicating MRSA in exudative dermatitis in pigs raises potential pig health concerns. Although the percentage of MRSA nasal carriage in sheep was remarkably lower than those observed in pigs and goats, the reason for this is not clear but it is suggested that variation could partly be due to differences in nasal physiology and self-care behaviors of these animals. Efforts should be made to characterise possible reservoirs in order to reduce the spread of MRSA among farm animals especially pigs.
Although definite conclusions cannot be made because of small sample size, observations of this study on farm workers are consistent with numerous studies demonstrating that people working in close contact with animals colonised with MRSA have a high risk of culture positive nasal swabs (Smith et al., 2009; Weese, 2010; Wulf et al., 2008) . Further confirmation of this phenomenon is unlikely to provide new insight unless accompanied by efforts to understand its biological nature and implications for occupational health.
Furthermore, although very high prevalence has been described in this study and in other cross-sectional studies of farm workers and farm animals, the routine use of multiple enrichment methods to culture samples is likely to result in detection of samples with low numbers. Quantification of MRSA from culture positive farm workers may provide a more meaningful context for evaluating contamination versus colonisation events and informing assessment of associated health risks. Transmission of methicillin resistant variant between animals and humans has been frequently reported via direct contact (Deiters et al., 2015) or indirect routes such as the environment and food chain (Peterson et al., 2012) .
Although direct comparison cannot be made because a control group was not used in the assessment of human colonisation, the prevalence of colonisation in farm workers (45%) was quite high and is much greater than has been reported in some research work in the general population in Accra. For example, a study by Odonkor et al. (2012) in the Greater Accra Region of Ghana estimated a population colonisation of 84 MRSA out of the 250 S. aureus isolates, giving a prevalence rate of 33.6% of the samples collected from microbiological samples from hospital in Accra-Ghana. Further, a study on MRSA prevalence on people who visited the University of Ghana Hospital was only one (9.1%) out of 11 S. aureus positive isolates (Pesewu et al., 2014) . Therefore, it is likely that personnel working with farm animals specifically pigs as seen in this study are at higher risk for MRSA colonisation compared to the general Ghanaian population.
There were also some differences in MRSA nasal carriage rate among various districts in the Central Region, with KEEA district recording the highest and Mfantseman district recording the lowest. Reasons for these differences cannot be understood but may be attributed partly to the variation in geographical locations, the differences in the proportions of animals sampled and the extent of risky environmental exposures. Egyir et al. (2014) reported variations in the distribution of MRSA in the Northern Region of Ghana and attributed it apparently to geographical variations.
Antimicrobial resistance profiles of the isolates from farm animals and farmers
The antimicrobial resistance profiles shown in the present study are comparable to many other studies within and outside Ghana reiterating the fact that pathogens are likely to develop resistance to most commonly used drugs (Penicillin, Ampicillin and Erythromycin) as opposed to less commonly used drugs Ciprofloxacin and Vancomycin (Verkade et al., 2014; Odonkor et al., 2012; Moyo et al., 2014) . Unlike other previous studies, all the MRSA isolates were somehow resistant to all the classes of antibiotics used in the study except for Vancomycin, Augmentin and Ciprofloxacin. This study agrees with Sapkota et al. (2006) , who reported that MRSA was susceptible to Ciprofloxacin and Vancomycin. The present study showed the resistance of MRSA to Penicillin (100%), Ampicillin (100%) and Tetracycline (54.6%). These findings agree with the findings of Shibabaw et al. (2013) , who among others reported resistance of MRSA to Penicillin (94%) and Tetracycline (73.8%) around Addis Ababa. This confirms the previous finings that MRSA strains have been recognised to be resistant to almost all β-lactam antibiotics (Lowy, 2003) . The observed resistance patterns to some of the conventional antibiotics, which are usually frequently prescribed in the study area, are alarming because of the high resistance rates among nonclinical isolates such as those obtained in this study. This further reaffirms the critical role of commensals in public health. The observed high level of resistance (65 to 100%) to almost all of the antibiotics might be due to consumption of antimicrobials (Moulin, 2001) as growth promoters (Perrier-Gros-Claude et al., 1998) , used extensively in livestock husbandry in the study area.
The present study has demonstrated the existence of alarming levels of resistance of MRSA to commonly used antimicrobials (Penicillin and Ampicillin) in the farms of this study. The results were in accordance with reports from earlier studies in other countries (El-Jakee et al., 2008; Gentilini et al., 2002) suggesting a possible development of resistance from prolonged and indiscriminate usage of some antimicrobials. Vancomycin used to be the last antibiotic for treating infections caused by such resistant isolates (Boucher et al., 2010; Fitzgerald et al., 2001; Bhalakia et al., 2006) . This study reaffirms this fact as all MRSA isolates were sensitive to Vancomycin.
Meanwhile, the wide range of multiple antibiotic resistance showed a divergence between the static-use (in situation where a fixed antibiotic regimen is used) and the adaptive-use (in using varieties or wide range of antibiotics due to observed low performance of the earlier one(s)), which may imply consistent use of various antibiotics in these farms on the animal, to achieve a nonchemotherapeutic advantage (Laxminarayan et al., 2011) . This implies that the organisms might have developed resistance over a period of exposure without medical prescription. Therefore, this exposure of the animal bacterial flora to antibiotics appears to be encouraging emergence of resistance across a wide range of antibiotics (Barbosa, 2000) . It is, therefore, important to control the misuse or any other nontherapeutic use of antibiotics. This study is, therefore, important to the agricultural sector in Ghana as far as animal health is concerned. It is also important to the human health sector due to the possibility of zoonotic infections, even if the organism in the animals had its original source from previous human contact. Farm animal workers, especially piggery workers, should be diligently hygienic as the animal is a consistent source of MRSA. The relatively high prevalence of MRSA observed among conventional herds in the study confirms that routine antimicrobial use in farm animal especially pigs is a sufficient cause for emergence of LA-MRSA.
Epidemiologic risk factors for MRSA colonisation among farm workers and farm animals
In this study, factors that could be associated with lower socioeconomic status were positively associated with MRSA carriage, educational status (less than high school or general educational developmental degree versus higher levels (Schinasi et al., 2013) . Similarly, other studies have reported positive associations between lower socioeconomic status and MRSA (Casey et al., 2013) . A recent population-based study in Pennsylvania found that community-acquired MRSA infection was associated with community economic deprivation (Casey et al., 2013) . Why lower levels of educational achievement would be a risk factor, is also difficult to speculate, unless this is a surrogate for lower socioeconomic status and, therefore, crowded living conditions. Epidemiologic risk factors that have significant association with MRSA nasal carriage among farm workers and farm animals in this study were: direct contact with pigs (p=0.000), the last period of taking antibiotic (p= 0.020), type of antimicrobial to treat microbial infections (p=0.10) and the period of antibiotic administration to animals (p=0.000) and whether or not one wear apparels such as nose mask (p=0.000) and gloves (p=0.000). Similar studies showed that the rate of nasal colonisation of MRSA is high when there are predisposing risk factors like antibiotic usage in previous 4 weeks (Aiello et al., 2006; Farley et al., 2008) . All respondents who wore boots were MRSA carriers. This means that wearing boots is not a sole channel or factor for assessing risk factor for MRSA nasal carriage.
It was observed that younger individuals both farm workers and farm animals had high MRSA nasal carriage. Why younger individuals and females would be at higher risk for MRSA colonisation could not be determined in this study but can be partly due to their weaker immune response. Statistically, sex was not an associated risk factor for carrying MRSA in the current study, which was in agreement to others (Graham et al., 2006; van Cleef et al., 2011) . The protective measures taken by some of the farmers did not prevent them from becoming colonised with MRSA. This could be a result of breaches in adherence to these measures, e.g., poor hand hygiene after removal of gloves or the reuse of contaminated apparels, or because of contamination outside pig farms.
Although not determined, dust may also be a potential risk factor for acquiring MRSA for individuals who tested positive for MRSA and who had no direct contact with livestock. In a rural region in Lower Saxony, Germany, local residents who visited farms, e.g. to buy meat, had a 3.2-times higher risk (95% CI: 1.4-7.4) of colonisation with MRSA than did people without occupational livestock contact (Bisdorff et al., 2012) .
A correlation between exposure time on farm and human colonisation has been shown elsewhere , which is reaffirmed by the present results. However, a larger number of participants would be needed for more reliable results.
Conclusions
The data from this study showed that MRSA is present in Central Region of Ghana and farm animals especially pigs can serve as reservoir of this multi-drug resistant organism. The carriage rate of MRSA is highest among pigs than goats, sheep and humans respectively. Antimicrobial resistance is a clear and present danger. MRSA isolates were all resistant to all the antibiotics except Vancomycin, Ciprofloxacin and Augmentin. Some epidemiological risks factors observed in this study were; direct contact with pigs, last period of antibiotic administration, type of antibiotic administered and not wearing apparels like nose mask and gloves. Based on the results, it is recommended that all MRSA isolates identified with the phenotypic method in this study should be confirmed using molecular tools. Molecular characterisation should be done to determine the genetic relatedness between MRSA strains of farm animals and MRSA strains of farm workers in the Central Region of Ghana. In future, surveillance studies using large sample size, should be conducted so as to make the findings robust.
